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Section 1 — CMC250 Service 



GENERAL INFORMATION 



INTRODUCTION 

The TEKTRONIX CMC^Df 1 4 Qt*!’ Rrecftiency Counter is 
a multifunction c>9unter theft nii^yres the fr^enc^ of 
sine, square, and tHangle HBom 5 Hz to 1 .3 GHz. 
The count is shown on an #0hNi||K display with auto- 
matic decimal point placement 'wi an LED irvlicato 
showing the display measurement unit (MHz, kHz, /j,s). 

The counter has two input channels: Channel 2 is a 
special 50 fl terminated input for use in high-frequency 
systems, and Channel 1 is a standard 1 MH input for 
frequency measurements up to 1 00 MHz. A Check mode 
is provided so that the user can make a quick check of 
in^xmrierrt qaotiWofii and Period and Totalize modes 
can be ussd wWi Ct’^nn^ 1 input signals. 

Additional features of tee CMC250 include selectable 
GATE times (resolution) for both channels, a selectable 
XI 0 attenuator for 3 V to 42 V input signals, and a selec- 
table low-pass filter for signals below 100 kHz. The 
counter has front-panel OVERRANGE and GATE 
(measurament in pNogra^} Lfi^ McatcMt. 



The CMC250 comes wite a loddng, multiposition 
carrybig NindleAilt stand that can be folded under the 
freqLtency ocunter to allow stacking other instru- 
of the same series, ^auid^d ^xessories 
prartded wite tee CMC^O tec^ude a power cord and an 
opefater's manual. For part numbers arxl further infor- 
mation about standard and optional acc^solavi 
to R^iac^abla Parts (section 8) in teis macHjai. For 
addRtenal InftHmation, contact yotr TekbOri^ Sales 
OfRoe-or distrtaior and tee 'tefcironix producfts cat^og. 



SPECIFICATION 

General characteristics are given in Table 1-1 . The elec- 
trical characteristics given in Table 1-2 are valid when 
the instrument has been adjusted at an ambient tem- 
perature between 18°C and 28°C (64°F and 82°F), has 
had a warmup period of at least one hour, and is 
operating at an ambient temperature between 0°C and 
40 °C, with 75% maximum relative humidity. 
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Table 1-2 




Electrical Characteristics 


Characteristics 


Performance Requirements 


Line Voltage Range 


90 to 1 1 0, 1 08 to 132, 1 98 to 242, and 21 6 to 250 Vac at 50-60 Hz. 


Power Consumption 


1 5 VA. 1 2 W maximum. 



FREQUENCY 



Frequency Range 




Channel 1 


5 Hz to 1 00 MHz sine wave. 


Channel 2 


80 MHz to 1 .3 GHz Sine wave. 


Accuracy 


Time base accuracy ± 1 count. 


Resolution (selectable) 




Channel 1 




kHz Mode : 


0.1 HztolOOHz. 


MHz Mode 


1 Hz to 1000 Hz. 


Channel 2 


10 Hz to 10 kHz. 



PERIOD 



Range 


0.4 ps to 0.2 s. 


Frequency Range 


5 Hz to 2.5 MHz sine wave. 


Accuracy 


± 1 count ± time base error ± trigger error.® 


Resolution (selectable) 


loops to 100 ns. 



TOTALIZE 



Range 


0 to 99,999,999 counts plus overrange. 


Repetition Rate 


5 Hz to 10 MHz sine wave. 



CHANNEL 1 INPUT 



Bandwidth 


5 Hz to 100 MHz, AC coupled. 


Maximum Input Voltage ^ 


42 V peak. 


Sensitivity (minimum Input voltage) 




5 Hz to 30 MHz 


20 mVrms. 


f 30 MHz to 100 MHz 


50 mVrms. 



CHANNEL 2 INPUT 



Bandwidth 


80 MHz to 1.3 GHz, AC coupled. 


Maximum Input Voltage ^ 


1 Vrms. 


Sensitivity (minimum input voltage) 




80 MHz to 600 MHz 


10 mVrms. 


600 MHz to 900 MHz 


25 mVrms. 


900 MHz to 1.3 GHz 


50 mVrms. 



* Trigger error Is typically ± 0.3 of reading divided by the number of cycles averaged, for input signals greater than 1 00 mV 
with S/N ratio better than 40 dB. 
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Section 3— CMC250 Service 



THEORY OF OPERATION 



INTRODUCTION digit strobes are fed bad< to these control inputsviathe 

front panel switches. The control inputs set operating 



This section cnnitains a description of the CMC250 
1.3 GHz Frequency Counter drcuKry. General operation 
of the instrument is described in the Block Diagram 
Description. Each furiCtionaitGircLA is described in more 
detail in the Detailed Circuit Dessolpiion. 

The schematic diagram abdi tie Main circuit board 
illustration are located in section of this 

manual. To understand ta c^muit descriptions In frits 
section, refer to bofri the Block Figise 3-1 In 

this section, and to the schernatlc dli^rani. 



DIGITAL LOGIC a^lVENTIONS 

Functions and operatlmi of tegtc circutts are rep- 
resented by logic symMIbgy iPi terminology. Mc^t 
logic frmctions are depsribeSi the positive-logtc 
convention. Positive logic of noMion where- 

bythemore positive oftwo lei^^te'HieTBUE(or 1> state; 
ti« more nepitive level is the FlifrjBE (or 0^ state. In frits 
manual, the TRUE sts^ is referred to as hig^, and the 
FALSE state as low. The voltages constitute a high or 

a low state vary between speMc devices. FOr device 
diaracterlstic^, reMr to the mahL^rcbirer’s data book. 



BLOCK DIAGRAM DESCRIPTION 

signal inpt.fr to Channel 1 is frvou^ the CHANNEL 1 
INPUT connector on frie front panel. Channel 1 is forfre- 
qLtBT^es below 1 00 MHz and has a signal-conditioning 
feature. The attenuator switcfri S6 selects either fuli volt- 
age when INPUT VDUAGE is sefr to LO, or passes the 
signd throu^ a 1 0X attenuaior when input voltage is 
set to Hi. 

Signal tiput to Ch««iei 2 is ttvough the CHANNEL 2 
INPUT connector on frie frorfl panel. Charnel 2 is for 
frequencies from 80 MHz to 1 .3 GHz, and the Channel 2 
Input circuit includes a dh/ide-by-256 feature. 

The main counter, integrate circuit U16, performs all 
frequ^cy, period, and totalizmion functions and drives 
frie displays. Four control inputs on U16 determine 
operating mode, resolution, time base frequency, and 
decimal point placement. Selected time-multiplexed 



condifrons according to which strobes are applied. 

The Ume base Is a 10 MHz oscIHator for Channel 1 
m^^urements and a 3.90625 MHz oscillator for Chan- 
nel 2 measurements. 

The power supply provides regulated dc voltages. The 
power supply drcuit can be set with the LINE VOLTAGE 
SELECT switches as needed to accommodate various 
line volt^es. 

DETAILED aRCUIT DESCRIPTION 
Channel 1 1npiA Circuit 

Signals wifri friscpancles below 1 00 MHz are connected 
to the Charmi 1 1nput Ctraiitx^a the CHANNEL 1 1NPUT 
connector on frte front panel. The bnput signal Is capaci- 
tively oouplesd iHa Cl to the divider of R2 and R3. V\flien 
the INPUT VOUAGE switch S6 is set to 5Qmy-5V(LO), 
the full volteige across this divider goes to frie trpjt 
Buffer, when M is set fr> 3V-42V(H1), the e^rml 1s con- 
rwfrsd throuQfri an Attenuator cfrcuit before g^frig to frio 
Irpii^er. 

ATTENUATOR. Voltage cttvfrder R2 and R3 attenuates 
Channel 1 input sigr^s by a factor of 1 0 when the INPUT 
VOLTAGE switch S6 is set to HI. 

INPUT BUFFER. Btharfrie entire signal (S6 set to LO) or 
the attenuated signal (SB set to HI) Is applied to the Input 
Buffer. The Input Buffer isolates frie signal t»ing tested 
from frie circuitg^ itifrie frequency counter. This voltage is 
levei-cltmped to a maximum of 0.6 volts by transistors 
Q1 and Q2 and then applied to the hIgh-impedance 
buffer stage. This consi^s trf FET Q3 which provides 
good Sensitivity over the Charfrtel 1 frequency range and 
Q4 which serves as a current source for successive 
stages. 

LOW PASS FILTER. The Low Pass Fitter removes the 
high-frequaicy components (noise) from a signal, so 
that lower frequencies can be accurately counted. When 
theicw PASS RLTER switch S7 is ON, D1 and D2 are 
biased on, providing an ac path to ground friroug^ D1 , 
and the filter action of R9 and C9 Is enabled. When the 
switch is OFF, D1 and D2 are off, isolating C9 from 
ground and disabling the filter action. 
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Figure 3-1. Block Diagram. 
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AMPLiFiER/SCHMiTT TRIGGER. This circuit amplifies 
and shapes the Charnel 1 signals into square waves 
suitable for use in the digital circuits in the CMC250. It 
consists of three-stage ECL amplifier IC1 , transistors Q5 
and Q6 (used as ECL-to-TTL level shifters), and 
associated comporiente. The waveform obtained 
aaoss R25 is a 0 to 2.8 volt square wave with polarity 
opposite that of the Ctmnnel 1 input signal. 



Channel 2 Input Circuit 

The Channel 2 Input circuit consists of integrated circuit 
IC4, diodes D8 and D9, and associated components. 
Channel 2 input signals are divided by 256 before going 
to transistors Q7 and Q8 (used as ECL-to-TTL level 
shifters). The Q7 output goes to the next stage, Channel 
1 /Channel 2 Select. 



Channel 1 kHz/MHz Select 

The Channel 1 TTL-level output is applied to the Channel 
1 kHz/MHz Select circuit, corraisting of U13, U19, U1, 
U4, and associated components. U1 3B input pins 4 and 
5 go low whenever U4B pins 4 and 5 are low; so that 
whenever the kHz mode is selected, the kHz signal is 
gated through to U13D. At all other times, the MHz 
(divided by 10) signal from U14 is gated throus^ U13C. 
U13C pin 9 goes high when U2 pin 2 is high. 

DMde-by-Ten. The Channel 1 outpirt of LH 3 pin 3 goes 
to U14 and U13 pin 12. U14 is a decade ripple counter 
which functions as a divide-by-len. Voltage levels on 
U13 pins 4-13 and U19 pins 2 and 19 select either the 
decade-divided signal from U14 pin 2 or tie undivided 
signal from U1 3 pin 3. This selection is governed by two 
lines: one from U4B pin 6, which is high orriy during 
Frequency MHz mode; and one tom U2 pin 2, which 
goes high whenever Frequency MHz mode is selected. 
The Frequency kHz or MHz selection output (from U19 
pin 1 8) is governed by two lines: one tom U1 D pin 1 1 , 
which is low in all modes except TOTALize, and one tom 
U2 pin 4, which goes high whenever Channel 2 mode is 
selected. 



Channel 1 /Channel 2 Select 

The combined action of U13, U19, and U1 , which is con- 
tolled by the front-panel FUNCtion switches, proi^des 
U1 6 with an Input signal vt^tiin Ks frequency limits. In Re- 
quency MHz mode, tie Channel 1 signal is divided by 
ten In U14 and applied. In Frequency Channel 2 mocfe, 
tie signal from tie Channel 2 input is divide by 256 in 
IC4 and applied. In Frequency kHz, PERIOD, and 
TOTALize modes, tie Channel 1 signal is applied witi no 
frequency division. 

Channel 1 Signal Gating (TOTALize mode) 

In TOTALize mode, inputs to U1 9 on pins 5 and 6 control 
the output on pin 18. U1D pin 11 is connected to U19 
pin 5; U2 pin 10 is high in TOTALize mode and is con- 
nected to U 1 9 pin 6. The undivided signal from U1 3 pin 3 
is gated addiionaily by the signals at U1 D pins 1 2 and 
1 3. U1 D pin 1 2 is controlled by HOLD switch S2 via flip- 
flop UlAarid U1B. UID pin 13 Is connected via R105to 
tie rear panel TOTALize START/STOP INPUT. The 
undivided signal from U13 pin 3 can tius be gated 
manually by S2 or electronically by a signal applied to 
the rear-panel INPUT. When no signal is connected to 
the TOTALize START/STOP INPUT, the input jack is 
pulled high by R103. 

Function/Range Control Logic 

U3C and U3D provicte contact switch debounce for ths 
FUNCUon swtch S3. Their output docks U2, a decade 
(xiurrter that selects the operating FUNCton. 

U3A and U3B debounce GATE switch S4. The output 
triggers U6, a decade counter tiat selects the operating 
time base (GATE time). 

Counter Circuit (U16) 

IC U1 6 is the main counter for the instrument. It performs 
all frequency, period, and totalize functions and drives 
the displays. U16 requires an input signal of CMOS 
digital logic levels, a time base, and connedions for 
feedback of display digit strobes. 
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Figure 3-2. U16 digit strobes. 
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Time Base 

The Channel 1 and Channel 2 time base signals are 
provided by two separate crystal oscillators. The 1 0 MHz 
crystal oscillator for Channel 1 (Y2) is connected to the 
oscillator input of U16 pin 35 from U17A, which buffers 
the crystal oscillator output to a level suitable for driving 
U16. The 3.90625 MHz crystal oscillator for Channel 2 
(Y1) is connected to the EXT CSC IN input (pin 33) of 
U16. The 3.90625 MHz crystal oscillator is required to 
offset the effect of prescaling the input (by 256) in the 
Channel 2 input circuit. 

HOLD Switch 

The HOLD switch S2 is connected to U16 and U1 pins 
11-13 and U19 pins 6 and 8, via U1 pins 1-6. U1A and 
U1B provide switch debounce and act as a flip-flop to 
lock the output of U1 B high or low. 

LED Indicators 

The MHz indicator D24 is connected to the ou^ut of U4 
pin 6. This output goes high when Frequency MHz or 
Channel 2 is selected. 
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The kHz/p.s indicator D25 is cxrnnected via U4 pin 3 to the 
Frequency kHz, PERIOD, and CHECK selected. The in- 
dicator lights when any of these modes are selected. 

The GATE (count) indicator D26 is connected via U7F to 
U1 6 pin 3. This pin goes low whenever a measurement is 
in progress. The kHz, MHz, CH 2, PERIOD, TOTAL, and 
CHECK indicators LED1-LED6 are connected via U5, 
which buffers the output of U2. The GATE (time base) 
indicators are driven by U7, which is connected to the 
sequential outputs of U6. 



Power Supply 

The transformer is a universal type whose primary 
windings may be selected for various line voltages by 
the rear panel LINE VOLTAGE SELECT switches, S3 and 
S9. 

The output of the secondary side is rectified by D110, 
Dill, Dll 3, and Dll 4 and filtered by Cl 20 and Cl 24. 
Regulators Q9 and Q10 provide regulated +5 volts for 
the instrument. 
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PERFORMANCE CHECK PROCEDURE 



INTRODUCTION 

This procedure checks many of tf>e electrical character- 
istics iisted inlabie 1-2 in Section 1 of this manual. If the 
instrument fails to meet the requirements given in this 
performance c^eck, the adjustment procedure in 
Section 5 should be done. This performance check may 
also be used as an acceptance test or as a trouble- 
shooting aid. 

You do not have to remove the instrument case to do this 
procedure. All checks can be made using the controls 
and connectors accessible from the outside of the 
frequency counter. 

To ensure instrument accuracy, check its performance 
after every 2000 hours of operation, or once each year if 



used infrequently. If these checks indicate a need for 
readjustment or repair, refer the instrument to a qualified 
service person. 



TEST EQUIPMENT NEEDED 

The test equipment listed in Table 4-1 is a complete list 
of Uie equipment needed for this performance check and 
the adjustment procedure in Section 5. All test equip- 
ment is assumed to be operating within tolerance. 
Detailed operating instructions for test equipment are 
not given in this procedure. If operating information is 
needed, refer to the appropriate test equipment instruc- 
tion manual. 



Table 4-1 

Test Equipment Required 



Item 


Minimum Specification 


Purpose 


Oscilloscope 


Bandwidth: DC to 20 MHz. (Suitable equipment: 
TEKTRONIX 2225 50 MHz Oscilloscope or 
TEKTRONIX 2205 20 MHz Oscilloscope.) 


Frequency and sensitivity checks 
and trigger level adjustment. 


Function Generator 


Range: 10 Hz to 2 MHz. (Suitable equipment: 
TEKTRONIX CFG250 2 MHZ Function 
Generator.) 


Frequency check and trigger level 
adjustment. 


Leveled Signal Generator 


Range: 50 kHz to 100 MHz. (Suitable equip- 
ment: TEKTRONIX SG 503 Signal Generator.) 


Frequency and sensitivity checks 
and trigger level adjustment. 


Frequency Standard 


Accuracy: At least 5 parts in 10 million 
(0.5 ppm). 


Time base accuracy check and 
time base adjustment. 


Alignment Tool 


Length: 1 -in shaft. Bit size: 3/32 in. (Suitable 
equipment: Tektronix Part Number 
003-0675-00.) 


Trigger level adjustment. 


Coaxial Cable 


50 n, BNC. (Suitable equipment: Tektronix Part 
Number 012-0057-01.) 


Frequency and sensitivity checks 
and trigger level adjustment. 


1 0X Attenuator 


50 O, BNC. (Suitable equipment: Tektronix Part 
Number 011-0059-02.) 


Frequency check. 
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PREPARATION 

Ensure that all power switches are off. 

Ensure that all test equipment and the CMC250 are 
suitably adapted to the line voltage to be applied. 

Connect the equipment under test and the test 
equipment to a suitable line voltage source. Him all 
equipment on and allow at least one hour for the 
equipment to warm up and stabilize. 

Set the CMC250 controls as follows during warm-up 
time: 

INPUT VOLTAGE 50mV-5V(ljOW) 

(button out) 

LOW PASS FILTER OFF (button ou^ 



PROCEDURES 

Check GATE (resolution) settings and display 
using CHECK mode 

NOTE 

No test equipment Is required for this general 
check of Instrument citation. In CHECKmode 
the Input circuit Is connected Internally to the 
time base oscillator. 



a. Set CMC250 FUNC switch to CHECK and set 
GATE switch to 0.027S/0.01S. 

b. CHECK that display reads 1 (XXiO.O ± 1 (9999.9 
to 10000.1) kHz and the GATE indicator light is 
^tshlng on and off. 

c. Press HOLD (taitton In) and dieck that the GATE 
kidicator light remains off. Press HOLD again to 
release button out) and check ttiat the GATE 
indicator resumes flashing. 

d. Hold the RESET button in and CHECK that the 
display reads .0 and the GATE indicator light is 
off. Release tfie RESET button aaid CHECK that 
ttte di^lay reads 10QQO.O and GATE indicator 
resumes flashing. 

e. Set GATE ®^ritch to 0.27sA).1 s. 

f. CHECK that the display reads 10000.00 ±1 
(9999.99 to 10000.01) kHz and the GATE 
indicator isfiashing on and off; flashing should 



nowt^ slower Kwas at the previous GAT 
setting. 1 

g. Set the GATE switch to 2.7S/1 .Os. 

h. CHECK that the display reads 10000.000 ±1 
(9999.999 to 10000.001) kHz and the GATE ind^ 
cator is flashing on and off; flashing should novi 
be slow^ tt^ it was at fhe |»’evious GATE 
setting. 

i. Set the GATE switdi to 27s410s. 

j. CHECK that tie display reads 0000.0000 ± 1 
(999.9999 to 0000.0001) kHz and the O /ER--' 
RANGE indicator is nt (0000.0000 or 0000.0001 ).4 
CHECK that the (MTE indk^r is flashing on' 
and off; flashing Swuid now be slower than it 
was at the previous GATE setting. 

liDTE 

At this sfower GATE you wfU nadce a 

delay adteryou selmst ^ 27^10s GATE seeing 

ahd before the c^pfiy changes. 

2. Check Channel 1 Frequency Range and 

Sensitivity 

a. Set the CMC260 FUNC switdi to kHz/IOMHz 
and the GATE sWfbdi to 2.7s/1.0s. 

b. Set the fLmction generator to 1 kHz. 

c. Connect a coaxial cable ffcHn the funcfion 
gen^ator out|»LA through a 1CS( attenuator and 
a SOD termination to the input of the 
oscilloscope. 

d. Adjust ttie fundion generator output amplikide 
for ISO mV p-'p skie wave. 

e. Remove flie conrec^on from tfie oscilloscope 
and qonniid it to the CMC250 CHANNEL 1 
INPUT ainneqtor. 

f. Reduce the frequency frcxn frie fundion gener- 
ator to lOHfe. 

g. CHECK kiatkieCMC250 triggers on 10 Hz. 

h. Set the CMC250 FUNC switch to MHz/109MHz. 

(. Remove frie coaxial cable from the functiOQgen- 
eiator and conned the signal gen^^ to the 
oedtloecope. Set frie signal gitk^tor to 
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50 kHz. Set the signal generator for 1 50 mV p-p 
output. Disconnect tiie oscilloscope and con- 
nect the generator to the CMC250 CHANNEL 1 
INPUT connector. 

J. Set the signal generator to 1 00 MHz. 

k. CHECK that the CMC250 will trigger on 1 50 mV 
p-p at 100 MHz. 

.. Set the signal generator to 1 MHz. 

m. Press in the LOW PASS FILTER button on the 
CMC250. 

n. CHECK that the CMC250 does not trigger. 

o. Set the LOW PASS FILTER button to OFF (button 
out) and set the INPUT VOLTAGE button to 
3V-42V(HI) (button in). 

p. Remove the connection from the CMC250 and 
connect It to the oscilloscope. Remove the 1 0X 
attenuator and the 50 n termination. 

q. Adjust the signal generator output amplitude for 
8.4 V p-p. 

r. R^ove the connection from the oscilloscope 
and connect it to the CMC250 CHANNEL 1 
INPUT connector. 

s. CHECK that me CMC250 triggers on 1 MHz. 

t. Disconnect the test equipment. 

3. Check Channel 2 Sensitivity 

a. Set the CMC250 FUNC switch to CH 2 and set 
the GATE switch to 2.7s/1.0s. 



b. Connect a coaxial cable from the signal gener- 
ator output through a 1 attenuator and a 50 A 

termination to the input of the oscilloscope. 

c. Set the signal generator to 50 kHz and 150 mV 
p-p output. Disconnect the oscilloscope and 
connec^t the generator to the CMC250 CHAN- 
NEL 2 INPUT. 

d. Set the signal generator to 1 00 MHz. 

e. CHECK that the CMC250 will trigger on 150 mV 
p-p at 100 MHz. 

f. Disconnect the test equipment. 

4. Check CH 1 and CH 2 Time Base Accuracy 

a. Connect a 10 MHz signal from the frec|uency 
standard to the CMC250 CHANNEL 1 INPUT 
connector. Set input voltage to 150 mV. 

b. Set CMG^ FUNC switch to kHz/IOMHz and 
the GATE switch to 27s/10s. 

c. CHECK that CMC250 di^lay reads 10000.000 
kHz ±2 (9999.99810 10000.002 kHz). 

d. Disconnect the standard signal from the CHAN- 
NEL 1 1NPUT connector. 

e. Connect a 100 MHz standard s^imd the 
CHANNEL 2 INPUT connector. 

f. Set CMC250 FUNC switch to CH 2 and ttie GATE 
switch to 27S/10S. 

g. CHECK that CMC250 display reads 100.00000 
MHz ±2 (99.99998 to 100.0000^. 

h. Disconnect the test equipment. 
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ADJUSTMENT PROCEDURE 



INTRODUCTION 

There are four calibration adjustments -the Channel 1 
Sensitivltyadjustment. the Channel 1 Totalize Sensitivity 
adjustment, and the two Time Base acjjusfimenis. To 
ensure Instrument accuracy, tl% Channel 1 Sensitivity 
and the Channel 1 Totalize Sensitivity adjusbnents 
should be done every 2000 hours of operation or at least 
once each year if used infrequently. Do not attempt to do 
the Time Base adjustments unless you have a standard 
frequency source with a known accuracy of at least five 
parts in ten million (0.5 pi»n). 

PREPARATION FOR ADJUSTMENT 

Make tie adjuslmi»its in tils procedure at an ambient 
temperature of +21®Cto +25®C (+70®F to +77®F) 
and a relative humidity Of 75% or less. 

It is necessary to remove tie tc^ of tie instrument cabi- 
net to access the component sHe d the Main cirojit 
board. Disconnect tie power cord tomthe CMC2^ and 
follow tie c^inet removal instructicms in the Mainte- 
nanoe section of tiis nwiual. 

Test equipment needed for t»^ adjustments Is 
described In T£ft>le 4-1 ^ tie beginning of tie 
Performance Qieck Procedure. Refer to tie appropriate 
test equipment mstuction manuals for test equipment 
operating information. 

Connect the test equipment and the CMC250 to a 
suitable ac-power source and allow a 30-mlnute 
warmup period before making tie Channel 1 Sensitivity 
adjustment. 

PROCEDURES 

1. Adjust Channel 1 Sensitivity (RIO) 

a. Set the CMC250 front-panel pushbutons as 
follows: 

FUNC MHz/1 OOMHz 

GATE 2.78/I.Os 

INPUT VOLTAGE 50mV-5V(LO) 

(button out) 

LOW PASS FILTER OFF (button out) 

b. Connect a 50-fl terminated BNC cable from the 
signal generator to the vertical input of the 
oscilloscope. 



c. Set the oscilloscope to 10 mV per division. 

d. Set the signal generator to 50 kHz. 56 mV peak- 
to-peak output (5.6 divisions at -10 mV per 
division). 

e. Disconnect the cable from the oscilloscope and 
connect it to the CMC250 CHANNEL 1 INPUT 
connector. 

f. Set the signal generator to 30 MHz and check 
the CMC250 display for the correct reading. If 
reading is correct, go to step h. 

g. ADJUST- Variable resistor RIO on the Main 
circuit board until the CMC250 readout agrees 
with the signal generator output reading. Turn 
RIO to the right until the frequency counter 
begins to misread the signal; then turn RIO to 
the left until the counter begins to misread. 
Center RIO adjustment between the two points 
where the incorrect readouts begin (the mid- 
point of the input signal). 

h. Disconnect the cable from the CMC250 and 
connect it to the vertical input of ttie 
oscilloscope. 

i. Set the oscilloscope to 50 mV per division. 

j. Set the signal generator to 50 kHz, 140 mV 
peak-to-peak output (2.8 divisions at 50 mV per 
division). 

k. Disconnect the cable from the oscilloscope and 
connect it to the CMC250 CHANNEL 1 INPUT 
connector. 

l. Set the signal generator to 99.5 MHz ± 0.5 MHz, 
and check the CMC250 display for a correct 
reading. 

m. ADJUST— RIO until the CMC250 readout 
agrees with the signal generator output reading. 
Turn RIO to ttie right until the frequency counter 
begins to misread the signal; then turn RIO to 
the left until the counter begins to misread. 
Center the RIO adjustment between the two 
points where the incorrect readouts begin (the 
midpoint of the input signal). 

n. Disconnect the test equipment. 



S-1 



Adjustment Procedure— CMC250 Service 



2. Adjust Channel 1 Totalize Sensitivity (R1 1 8) 

a. Set the CMC250 front-panel pushbuttons as 
follows: 

FUNC TOTAL 

INPUT VOLTAGE 50mV-5V(LO) 

b. Connect a TTL-level 50 kHz signal source to the 
CMG250 rear-panel TOTAUZE INPUT START/ 
STOP connector. 

c. Connect a 60 Hz, 50 mV nms signal to the 
CMC250 CHANNEL 1 INPUT connector. Note 
that the display reading increments. 

d. CHECK -the display stops incrementing when 
the signal is removed from the CHANNEL 1 
INPUT connector. If the display continues to 
increment when frie CHANNEL 1 signal source 
is discorviected, adjust R118 as described in 
step e. 

e. ADJUST — R1 1 8 counterclockwise until the dis- 
play reading stops incrementing. 

f. Disconnect the TOTALIZE INPUT START/STOP 
signal. 

g. Connect a 10 MHz 50 mV rms signal to the 
CHANNEL 1 INPUT connector. 



h. Press and release the RESET button to start the 
TOTALIze count. After 10 seconds, the OVER- 
RMSilGE^LED will be illuminated. 

I. CHECK-friat the OVERRANQE LED remains lit 
ttfrien the hold button is pressed. If it does not, 
rep^t Totalize Sensitivity adjustment. 

j. Disconnect test equipment. 

3. Adjust Time Bases (Trimmers Cl 08 and Cl 1 3) 

NOTE 

Do not attmipt to acfust the Time Base unless 
you have a steward frequency source having a 
knomi accuracy of at least five parts in ten 
million (0.5 f^m). 



NOTE 

The CMC250 has an accuracy of ten parts per 
million (10 ppm). This means an error of ten 
cycles when reading a 1 MHz (seven digit) 
signal. Most signal sources are not stable 
enough nor accurate enough for this error to be 
meaningful. 

a. Replace the top cover on the disassembled 
instmment. Ensure that the CMC250 INPUT 
VOLTAGE is set to LO (button out) and the LOW 
PASS FILTER is OFF (button out). 

b. Turn the CMC2B0 POWER ON and allow one 
hour for it to warm up. 

c. Apply a 10 MHz ± 1 Hz standard signal to the 
CMC250 CHANNEL 1 1NPUT connector. Select 
Frequency kHz mode and 1 .0 s GATE time. 

d. ADJUST-C1 13 until theCMC250 display reads 
10000.000 ±2 (8999.99810 10000.00^. Adjust 
Cl 13 through the CH 1 OSCillator ADJUSTrnent 
hole In the rear panel, using a non-metallic 
alignment tool. 

NOTE : 

If you wish to adjust the C^mnel 1 tirm base for ' 

even greater accuracy, set As sw^ch 
10s and ADJUST Cl 13 until the ^^imdf^lay 
reads 0000.0000 with the OVERRANGE indi- 
cator lit to 00080002 plus 

OVERRANGE). 



e. DisbonneGl ttre standard signal from the 
CHANN0. 1 1NPUT connector. 

f. Connect a 100 MHz standard ^j^al to the 
CHANNEL 2 INPI/T comsctor. Select CH 2 
mode and 2.7 s GATE time. 

g. ADJUST- Cl 08 through the CH 2 OSCillator 
ADJUSTrnent hole in the rear peuisi until the dis- 
play reads 100.0000 ±2 (99.9998 to 100.0D02). 

NOTE 

If you \MSh to adju&ttw Chmnel 2 time base for 
even greatsa aoeui^, mt ii^ suAtch to 
27s and m9u& C/08 wM Vm CMCWO display 
reads i(xioom(m9msmf&kO0m). 

h. Disconnect the test equipment. 
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MAINTENANCE 



This section of the manual contains information on static-sensitive components, preventive maintenance, trouble- 
shooting, and corrective maintenance. 

STATIC-SENSITIVE COMPONENTS 



The following precautions apply when performing any 
maintenance involving internal access to ttie instrument. 



I CAUTION I 

Static (Bactmge can damage any seml- 
condLKOor component In tills In&rument 



Thiis instrument oontains elec^ioal components that are 
susceptible to damage from static disdwge. lable 6-1 
lists 6ie reiisrtivs ei«c^3^nitvofvarfe)us classes of s^i^ 
concftjctors. statfc voltages of 1 kVto 30 KV are common 
in unprotected enyironments. 

When p^’^nnlng maintenance, observe following 
pr^^ioiie to avoid (torr^sonent damage: 

1 . Minsnize handling of statk>-s«nsHh® components. 

2. Trar^ort and store static-sen^tive components or 
assemblies in their orl^rtol oontainers or on a metal 
rail, UsdOel any pad<age that contains static- 
sensitive compon^s or assmtblles. 

3. Discharge the static voltage from your body by 
wearing a grounded antistatic wrist strap while han- 
dling these components. Servicing static-sensitive 
components or assemblies should be performed 
only at a static-free work station by qualified service 
personnel. 

4. K«^ anytrang cs|iii^ie of g^mrating or holding a 

stol^ cmge Off ftt sigipn sixface. 

5. Keep toe component leads sftortedtogetoer when- 
ever possible. 

6. Pick up components by their bodies, never by their 
leads. 

Do hot slide toe componeffto om aiy siatace. 



8. Avoid handling components in areas that have a 
floor or work-surface covering capable of gener- 
ating a static charge. 

9. Use a soldering iron that is connected to earth 
ground. 

10. Use only approved antistatic, vacuum-type 
desoldering tools for componerrt removal. 

Table 6-1 

Relative Susceptibility to 
Static-Discharge Damage 



Semiconductor Classes 


Relative 

Susceptibility 

Levels* 


MOS or CMOS microcircuits or 
discretes, or linear microcircuits 
with MOS inputs (Most Sensi- 
tive) 


1 


ECL 


2 


Schottky signal diodes 


3 


Schottky TTL 


4 


High-frequency bipolar 
transistors 


5 


JFET 


6 


Linear microcircuits 


7 


Low-power Schottky TTL 


8 


TTL (Least Sensitive) 


9 



* Voltage equivalent for levela (voltage discharged from a 
100-pF capacitor through resistance of 100 H) ; 



1 = too to 500 V 

2 = 200 to 500 V 

3 = 250 V 

4 = 500 V 

5 = 400 to 600 V 



6 = 600 to 800 V 

7 = 400 to 1000 V (est) 

8 = 900 V 

9 = 1200 V 
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Maintenance— CMC250 Service 



When a defective avnponent Is located, eitfier replace 
the assembly corrtainAig tiie defective part or replace the 
component by using ttie appropriate replacement pro- 
cedure given In Comective Maintenance. Replacement 
assemblies are available through Tektronix and are 
shown in an explodsut-vtaw cbrawing in Replaceable 
Parts (section 8) and are described in the parts list in tiiat 
section. 

> CAUTION I 

Before using any test equipment to make 
measurements on static-sensitive, current- 
sensitive, or voltage-sensitive components or 
assemblies, ensure that any voltage or current 
supplied by the test equipment does not exceed 
the limits of the component to be tested. 

1. Check Control Settings 

Incorrect control settings can give a false indication of 
instrument malfunction. If there is any question about the 
correct function or operation of any control, refer to the 
CMC250 Operators Manual. 

2. Check Associated Equipment 

Before proceeding, ensure that any equipment used with 
the CMC250 is operating correctiy. Verify that input sig- 
nals are properly connected and that the interconnecting 
cables are not defective. Chedr that the ac-power- 
source voltage to all equipment is correct. 

3. VQsual Check 



WARNING 



To avoid electrical shock, disconnect the instru- 
ment from the ac power source before 
inspecting the internal circuitry. 

Look for broken connections or wires, damaged 
components, semiconductors not firmly mounted, 
damaged circuit boards, or other clues to the cause of a 
malfunction. 

4. Check Insfrument Performance and Adjustment 

Check the performance of eitlw those circuits where you 
suspect trouble or the entire instrument. An apparent 
trouble may be the result of misadjustment. The 



Performance Check is in Section 4 of this manual, and 
the Adjustment Procedure in Section 5. 

5. Isolate Trouble to a Circuit 

To isolate problems, use any symptoms noticed when 
checking the instrument’s operation to help localize the 
trouble to a particular circuit. The CMC2M Trouble- 
shooting Tips, following this procedure, may help in 
locating a problem. 

6. Check Individual Components 



WARNING 



To avoid electrical shock, aJways disconnect 
the Instrument from the ac power source before 
removing or replacing components. 

The following procedures describe methods of checking 
individual components. Two-lead components that are 
soldered in place are most accurately checked by first 
disconnecting one end from the circuit board. This iso- 
lates the measurement from the effects of the sur- 
rounding circuitry. See Figure 9-1 for component value 
identification and Figure 9-2 for semiconductor lead 
configurations. 

I CAUTION I 

When checking semlconducto's. observe the 
static-sensitivity precautions given at the 
beginning of this section. 

TRANSISTORS. A good check of a transistor is actual 
performance under operating conditions. A transistor 
can most effectively be checked by substituting a 
known-good component. However, be sure that circuit 
conditions are not such that a replacement transistor will 
also be damaged, If substitute transistors are not avail- 
able, use a dynamic-type transistor checker fortesting. 
Static-type transistor checks are not recommended, 
since they do not check operation under simulated oper- 
ating conditions. 

Whentroubleshootingtranslstors in the circuit with avolt- 
meter, measure both the emitter-to-base and emitler- 
to-collector voltages to find out if they are consistent 
with normal circuit voltages. Voltages across atransistor 
may vary with flie type of device and its circuit function. 
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Some of these voltages are predictable. The emitter-to- 
base voltage for a conducting silicon transistor will nor- 
mally range from 0,6 V to 0.8 V. The emitter-to-collector 
voltage for a saturated transistor is about 0.2 V. Because 
these values are small, the best way to check them is by 
connecting a sensitive voltmeter across the junction 
rather than comparing two voltages taken with respect to 
ground. If Vie former method is used, both leads of the 
voltmeter must be isolated from ground. 

If voltage values measured are less than those just 
given, eitherthe device is shorted or no current is flowing 
In the external circuit. If values exceed the emltter-to- 
base values given, either the Junction is reverse biased 
or the device is defective. Voltages exceeding those 
given for typical emitter-to-collector values could indi- 
cate either a nonsaturated device operating normally or 
a defective (open-circuRed) transistor. If Vie device is 
conducting, voRage will be developed across the resis- 
tors in series with R; if open, no voltage will be developed 
aaoss the resistors unless current is being supplied by a 
parallel path. 

^i^/x/x/x/x/vrx/v/vo 

5 CAUTION I 

When Checking emtmf-to-ba^ Junctions, do 
not use m ohmmeter rmge that has a high 
fn^mM current High current may damage (he 
wmsi&or. fieverse biasing the emltter-to-base 
junction with a high ctM'rent may degrade the 
current-transfer ratio 0eta) of the transistor. 

A tr^ii^ afi^r-tQ-bas@ juncaion also can be 
chedced for an i^en or ^lorted corKlRion by measuring 
the resistance between terminals wRh an ohmmeter set 
to a range having a low internal source current, such as 
the R X 1 kfi FEtfige. The jurikRion resistance shouid be 
very hig^ in one direction and mut^ lower when the 
m^er leads are reversed. 

ViRien lrc)ubJeshootirig a field-effect transistor (PET), the 
voVE^e across Vs elements can be diecked in the same 
manner as previously described for oVter transistors. 
However, remember that in Vie rxjtmal depletion mode of 
operation, the gate-to-source Junction is reverse 
biased; in the danced mode, the jetton is ftxward 
biased. 

INTEGRATED CIRCUITS. An int^ated circuit (1C) can 
be checked wIVi a voltmeter, test oscilloscope, or by 
direct SiPMRution. A good uncteNrstandlng of clroiR oper- 
ation is eiiseritiat when troubte^kptlng a circuit imving 
1C osmiPneiits. Use care when (^ckkig voltages and 



waveforms around the 1C so that adjacent leads are not 
shorted together. An 1C test clip provides a convenient 
means of clipping a test probe to an 1C. 

I CAUTION I 

When checking a diode, do not use an ohm- 
meter scale that has a high internal current. 
High current ms^ damage a diode. Checks on 
diodes can be performed In much me same 
manner as those on transistor eminer-to-base 
junctions. 

DIODES. A diode can be checked for either an open or a 
shorted condition by measuring the resistance between 
terminals wRh an ohmmeter set to a range having a iow 
internal source current, such as the R X 1 kO reuige. The 
diode resistance should be very high In one direction 
and much lower when the meter leads are reversed. 

Silicon diodes should have 0.6 V to 0.8 V across their 
junctions when conducting; Schottky diodes about 0.2 V 
to 0.4 V. Higher readings Indicate Viat they are either 
reverse biased or defective, depending on polarity. 

RESISTORS. Check resistors with an ohmmeter. Refer 
to the Replaceabie Electrical Parts list for the tolerances 
of resistors used In this instrument. A resistor normally 
does not require replacement unless Rs measured value 
varies widely from Rs ^clfled value and tolerance. 

INDUCTORS. Check for open inductors by checking 
continuity with an ohmmeter. Shorted or partially shorted 
inductors can usually be found by checking the 
waveform response when high-frequency signals are 
passed through the circuit. 

CAPACITORS. A l^ky or shorted capadtor can be 
detected by checking resistance with an ohmmeter set 
to one of the highest rsuiges. Do not exceed the voltage 
rating of the capacitor. The resistance reading should be 
high after the capacitor is charged to the output voltage 
of the ohmmeter. An open capacitor can be detected 
with a capacRance meter or by checking whether the 
capacRor passes ac signals. 

7. Repair and Adjust the Circuit 

R any defective parts are located, follow the replacement 
procedures given under Corrective Mainterranee in this 
section. After any electrical component has been 
replaced, the performance of that circuR and any other 
closely related circuit should be chedeed. Since the 
power supplies affect all circuits, performance of the 
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FiG. 1 CABINET 



SCHEMATIC DIAGRAM 
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(H) IC1 pin 3 or 12. Same as (F), but with squarer edges. 

(i) IC1 pin 2. Same as (H), but inverted. 

(J) IC1 pin 13. 0.7 Vp-p, 10 kHz square wave centered at +3.8 V. 

(K) IC1 pin 15, or base of Q5. 1 Vp-p, 10 kHz square wave centered at +3.8 V. 

(L) IC1 pin 14, or base of Q6. Same as (K), but inverted. 



NOTE 

See Figure 6-1, Digit Strobe Waveforms from U16, for the waveforms listed in this table. 
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FIG. 1 CABINET 
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CHI kHz/MHzSELECT.ThegatesofUl 3 select either which goes high whenever CH 2 mode is engaged, 
the MHz or kHz signal, according to the iogic state of a When it is high, the output of U1 pin 8 should be selected 

line from U2 pin 2 to U1 3 pin 9 and a line from U4 pin 6 to from the CH 2 prescaler. 
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instrument dimensions. stituted if their characteristics are similar. 
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